Studies comparing open and arthroscopic repair of TFCC injury with a mean follow up of more than 1 year were eligible for inclusion. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist guided the extraction and reporting of data. The methodological quality of the included articles was assessed with the Cochrane Collaboration's tool for assessing risk of bias. The primary outcome measure was the rate of postoperative distal radioulnar joint (DRUJ) re-instability. Secondary outcome measures were range of motion (ROM), grip strength, residual pain, functional wrist scores and the rates of complications and re-operations. Results: A total of 868 articles were identified by the electronic search. After duplicate removal and subsequent study selection, a total of two studies were included in this systematic review. The methodological quality of the included articles displayed risks of bias. There was no difference in DRUJ re-instability between open and arthroscopic repair of the TFCC. There were no differences in obtained postoperative ROM, grip strength or values in functional outcome scores, between open and arthroscopic TFCC repair in the two included studies, except for the Disability of the Arm Shoulder and Hand (DASH) questionnaire -in favor of arthroscopic surgery -in one of the included studies.
Introduction
Injury to the triangular fibrocartilage complex (TFCC) is the most common wrist ligament injury. More than 40% of displaced distal radial fractures are associated with a TFCC injury (Geissler et al. 1996; Andersson and Axelsson 2011; Lindau et al. 1997; Richards et al. 1997; Scheer and Adolfsson 2011) . Injury to the TFCC is sometimes associated with instability of the distal radioulnar joint (DRUJ). Lindau et al. (2000) demonstrated that instability of the DRUJ is a negative factor in terms of clinical outcome after distal radial fractures in young patients, independent of radiographic findings. Isolated TFCC injury also occurs as a result of rotational trauma to the wrist. In patients with post-traumatic wrist pain but normal standard radiographs, 42% were found to have TFCC injuries (Adolfsson 1994) .
The anatomical location of traumatic lesions to the TFCC is one of several factors that impact the surgical treatment (Osterman 1990; Palmer 1990 ). Several anatomical structures stabilize the DRUJ, of which the TFCC and especially its foveal insertion is the most important ( Fig. 1) (Haugstvedt et al. 2006) . Dorso-ulnar wrist pain is present in all types of TFCC injury. Concomitant DRUJ instability is present mainly in injuries with avulsion from the foveal attachment of the ulna, classified as 1B injuries according to Palmer (1989) or class 2-3, according to Atzei and Luchetti (2011) .
Open repair of TFCC tears was one of the first established treatment options for acute TFCC injuries (Cooney et al. 1994 ). However, ulnar-sided TFCC lesions, Palmer type 1B, which are predisposed to cause DRUJ instability can nowadays be treated using either an open approach ( Fig. 2) (Cooney et al. 1994; Garcia-Elias et al. 2003) or an arthroscopically assisted procedure with transosseous sutures (Atzei et al. 2008; Bednar and Osterman 1994) . The TFCC can also be repaired with open surgery using bone anchors or arthroscopically using push-lock anchors (Fig. 3) . Radial-sided TFCC lesions, Palmer type 1D, are also predisposed to cause DRUJ instability and are best treated by re-insertion to the radius (Carlsen et al. 2009; Tang et al. 2013) . When re-insertion of the TFCC is not possible, anatomic reconstruction (Adams 2000) is the method of choice. Proponents of arthroscopic repair of the TFCC have claimed better visualization of the injuries and final range of motion (ROM) and less complications (Bednar and Osterman 1994) . In contrast, some authors suggest that only open surgery can restore the foveal attachment of the TFCC (Sagerman and Short 1996; Trumble et al. 1996) . Reports of different surgical techniques are common. There are still, however, no consensus or recommendations on whether TFCC injuries should be treated with open or arthroscopic surgery. The purpose of this systematic review was to investigate and compare the outcome of open versus arthroscopic repair of injuries to the TFCC. The hypothesis was that arthroscopic technique of TFCC repair is comparable with traditional open techniques.
Methods Protocols
This systematic review was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement (Moher et al. 2009 ). The quality assessment of included studies was performed using the Cochrane Collaboration's tool for assessing risk of bias (Higgins and Green 2008) . 
Study selection
The first (JKA) and second author (MÅ) performed the study selection, which was validated in duplicate. All articles generated by the electronic search were screened by reading the title and abstract. If initial screening failed to provide sufficient information for the purpose of inclusion or exclusion, the full text article was always assessed.
Data collection process and data items
Data extraction was performed according to the PRISMA checklist (Moher et al. 2009 ) with the use of a standardized extraction sheet. Data items obtained from the included articles were as follows: participants, interventions, comparisons, outcomes, study design and setting (PICOS), allocation, sample size, and possible bias.
Assessment of quality and risk of bias
The methodological quality and risk of bias of the included articles was assessed by use of the Cochrane Collaboration's tool for assessing risk of bias (Higgins and Green 2008) , independently by the second author (MÅ) and the senior author (DA). The quality assessment included: random sequence generation, allocation concealment, blinding of participants, personnel and outcome assessment, incomplete data outcome and selective reporting.
Outcome measures
The primary outcome measure was the risk of postoperative distal radioulnar joint (DRUJ) re-instability. DRUJ laxity is best tested with the forearm held in neutral rotation by the examiner, who stabilises the hand and the distal radius with a firm grip to make them one unit (Mrkonjic et al. 2012) . Then, using the other hand, the examiner forces the ulna as the second unit in a dorsal/palmar direction, relative to the stabilised unit of the hand and radius. (Cooney et al. 1987 ) consists of a total of 100 points, which are divided among the physician's assessment of pain (25 p), active flexion/extension arc (25 p) and grip strength (25 p) as a percentage of the opposite side, and the ability to return to regular employment or activities (25 p). For example, pain is rated as none (25 p), mild (20 p), moderate (10 p) or severe (0 p) by the examiner, based on the patient's subjective description. An excellent score is defined as 90-100 p, good is 80-90, fair is 65-79 and poor 0-64. The DASH (Disability of Shoulder, Arm, and Hand questionnaire) (Hudak et al. 1996) aims to capture the patient's own perception of their upper extremity function as a single functional unit. The questionnaire contains 30 items; 21 evaluating difficulty with specific tasks, five evaluating symptoms (pain -two modalities; numbness; stiffness; weakness) and one each evaluating social function, work function, sleep and confidence. The score is scaled 0-100, with higher scores indicating worse upper-extremity function. Jester et al. (2005) reported a mean DASH score of 13 points +/− 11 in an asymptomatic normal population. The PRWE (Patient-rated wrist evaluation) questionnaire (JC et al. 1998 ) is a self-administrated questionnaire that is intended to provide a tool for quantifying patient-rated wrist pain and disability in terms of assessing the outcome after distal radius fractures. The score consists of two equal weighted domains -pain and function. The total score ranges from 0 (normal wrist) to 150 (worst possible). The DASH has good validity, reliability and responsiveness (Changulani et al. 2008) . The PRWE also has good reliability and responsiveness, but fair validity (Changulani et al. 2008) . A rate of at least 80% good-excellent results was considered as acceptable in terms of functional outcomes.
Results

Study characteristics
A total of 868 articles were identified by the electronic search, of which 178 articles were duplicates. After removal of duplicates and subsequent study selection, a total of eight topic-specific articles (Gong et al. 2015; Atzei et al. 2015; Iwasaki et al. 2011; Kim et al. 2013; Seo et al. 2016; Shinohara et al. 2013; Anderson et al. 2008; Luchetti et al. 2014) were identified. Six were case series of open (Gong et al. 2015) or arthroscopic repair (Atzei et al. 2015; Iwasaki et al. 2011; Kim et al. 2013; Seo et al. 2016; Shinohara et al. 2013) of the TFCC. A total of two articles (Anderson et al. 2008; Luchetti et al. 2014 ) with relevant study design and outcome measures comparing open vs arthroscopic repair of the TFCC were identified and subsequently included in this systematic review. Figure 4 shows the flowchart of inclusion and exclusion of studies. In total, 63 patients underwent open surgery and 62 patients underwent arthroscopic procedures.
Two other studies (Chou and Lee 2001; Nakamura et al. 2011) reporting on both open and arthroscopic techniques were identified by the electronic search. Chou and Lee (2001) reported preoperative and 1-year postoperative MMWS from 17 TFCC sutures of which only three were performed by an arthroscopic technique and no comparisons were made between the two techniques. Nakamura (2011) , classified as level of evidence V, reported on surgical techniques and had insufficient data and no preoperative data. Both of these studies were excluded in this systematic review, according to the inclusion and exclusion criteria.
The updated electronic searches performed on March 21, 2017 and on December 27, 2017, did not generate any new studies eligible for inclusion ( Table 1) .
The mean age was comparable between patients who underwent open and arthroscopic surgery. Arthroscopic surgery was performed slightly more often in men, compared with open surgery. The sample size (mean n = 32 in open surgery and n = 31 in arthroscopic) was small and the follow up was short term (mean 37 months) in the two included studies.
Outcome measures
The outcome measures are displayed in Table 2 .
One paper (Anderson et al. 2008) did not reach the predetermined cutoff value, < 20%, for the primary outcome measure (DRUJ re-instability) in terms of open surgery, but they did reach it in terms of arthroscopic surgery. Both included papers (Anderson et al. 2008; Luchetti et al. 2014) did not reach the predetermined cutoff value for the secondary outcome measure (> 80% excellent-good results, MMWS) both in terms of open surgery. Anderson et al., did not reach the predetermined cutoff value for functional outcome in arthroscopic surgery either. Anderson et al. (2008) showed no statistical difference in functional scores (MMWS, DASH, PRWE) after open versus arthroscopic TFCC repair.
Treatment-related adverse events, reoperations and complications
Although not statistically significant, Anderson et al., described an increased rate of postoperative superficial ulnar nerve pain in the open group (36%) compared with the arthroscopic group (22%). Extensor carpi ulnaris (ECU) tendonitis was reported in an increased -although not statistically significant -rate in open surgery (26%) compared with arthroscopic surgery (11%), in the study by Anderson et al. (2008) . No nerve lesions or ECU tendonitis were reported in either group in the study by Luchetti et al. (2014) . None of the two included studies reported any information about the rate of patients having residual pain, but both studies showed similiar VAS values in terms of mean values post-operatively. There were no statistically significant differences in obtained postoperative range of motion, grip strength or pain (VAS) between the open and arthroscopic group in the two included studies.
After TFCC repair, 13 out of 75 patients required reoperation for DRUJ instability -eight (21%) in the open group and five (14%) in the arthroscopic group, in the study by Anderson et al. (2008) . Anderson et al. (2008) displayed a 4.95 times higher reoperation rate among female patients compared with men (p = 0.003). Luchetti et al. (2014) found that DRUJ instability recurred in five patients in totalfour in open technique (17%) and one in arthroscopic (4%). Luchetti et al. (2014) also noted no significant postoperative difference between open and arthroscopic reinsertion in outcome measures, except for DASH (p < 0.001) and PRWE (p < 0.01), which was significantly better among patients operated on by arthroscopic surgery. Anderson et al. (2008) found no significant statistical difference between open and arthroscopic groups based on the DASH or PRWE. In total, twenty patients in the study by Anderson et al. (2008) underwent reoperations because of DRUJ re-instability (n = 13), ECU tendonitis or superficial ulnar nerve pain respectively. No re-operations other than for DRUJ-re-instability were presented in the study by Luchetti et al. (2014) .
Repair and re-insertion techniques were used in all patients included in the two studies. The immobilization time after surgery was somewhat different in the two studies; 5 ± 2 weeks in the study by Anderson et al., (2008) and 5 (long splint) + 4 (wrist splint) weeks in the study by Luchetti et al. (2014) . Different time from injury to surgery was presentwithin 4 months of date of injury in the study by Anderson et al. (2008) , and 11 (open surgery) -13 (arthroscopic surgery) months in the study by Luchetti et al. (2014) .
Quality assessment
There was substantial underreporting of important items in both studies. The methodological quality of the included articles showed high risk of bias in most items, except for blinding of outcome assessment, incomplete data outcome and selective reporting -where the risk of bias was unknown or low (Table 3) .
The included articles displayed some heterogeneity regarding participants, diagnostic methods, and study design. The attrition bias (lost to follow up from primary cohort) was high (42%) in the study by Luchetti et al. (2014) , and low (1%) in the study by Anderson et al. (2008) . Preoperative instability of the DRUJ was noted in 100% of the patients in the study by Luchetti et al., and in 36% in the study by Anderson et al. Inclusion and exclusion criteria differed slightly between the two studies and there were heterogenic cohorts in the included studies, making comparisons difficult. There were mixed cohorts, in terms of injury types (classification; TFCC injury 1B, 1C and/or 1D not clear) in one of the included studies (Anderson et al. 2008) .
In both included studies, more arthroscopic repairs were performed in the later years of the studies, rendering shorter follow up time in arthroscopically treated patients. The two included studies were of level of evidence (LoE) (Cooney et al. 1994; Garcia-Elias et al. 2003; Atzei et al. 2008; Bednar and Osterman 1994; Carlsen et al. 2009; Tang et al. 2013; Adams 2000; Sagerman and Short 1996; Trumble et al. 1996) . Comparative studies are rare, and a systematic review and assessment of the overall results has so far been lacking.
Interestingly, women seem to have a higher risk of complications. Some studies (Anderson et al. 2008 ) stress that there is a higher re-operation rate for females, which can be compared to knee ACL reconstruction (Andernord et al. 2015) . Anderson et al. (2008) displayed a 5 times higher rate of re-operation in female patients. The reoperation rate in TFCC/DRUJ surgery although far exceeds the rate in ACL reconstruction, by 4-5 times.
One study in the literature presents that outcome after arthroscopic suture of TFCC to capsule only has shown that there are worse outcome in older patients (Ruch and Papadonikolakis 2005) . This is not described in studies with re-insertion techniques. One study of arthroscopic re-insertion of the TFCC surprisingly showed that there is not a worse outcome when ulnar positive variance exists (Kim et al. 2013) . Papapetropoulos et al. (2010) and Reiter et al. (2008) have shown the same in terms of TFCC suture to capsule. This is in contrast with the common perception and opinion. Information about ulnar variance is lacking in the two studies of comparison between open and arthroscopic repair of the TFCC included in this systematic review (Anderson et al. 2008; Luchetti et al. 2014) , as well as age dependent outcome. Five Wafer resections were, however, performed in the open repair group in the study by Luchetti et al. (2014) .
Evidence is lacking to support aggressive early surgical management when TFCC tears, especially partial ones, are diagnosed in association with distal radius fractures in adults (Mrkonjic et al. 2012) . Persistant dorso-ulnar wrist pain in relation to powerful rotatory hand movement or lifting heavy objects, however, often motivates surgical treatment. The two included studies in the present systematic review used conservative treatment (splint, NSAIDs, physiotherapy) for at least 3 months before TFCC surgery. Furthermore, different injury-to-surgery intervals were reported. The majority of patients received treatment within 4 months of injury in the study by Anderson et al. (2008) and within 11 months (open) -13 months (arthroscopic) in the study by Luchetti et al. (2014) . This could have influenced the diagnostics, the rate and grade of DRUJ laxity -and its appearance -and the selection/inclusion of patients. The preoperative laxity of the DRUJ was different in the two studies with 36% in the study by Anderson et al. (2008) , compared to 100% of the patients in the study by Luchetti et al. (2014) . Thus, the DRUJ re-instability was relatively high in the study by Anderson et al. (2008) .
The two included studies were of level of evidence (LoE) III, according to the rating system by Oxford Centre for Evidence-Based Medicine.
The follow-up criteria in many of the publications about TFCC surgery are sometimes not focused on the clinically most important findings. A recommendation is to use DRUJ re-instability as the primary measure outcome in all studies dealing with patients with TFCC injuries and concomitant DRUJ instability treated by re-insertion and MMWS or PRWE (most dedicated to wrist function) as the most valuable secondary measure outcomes. Preoperative patient scores and data are essential to compare with the postoperative outcome in order to know the efficacy of the surgical technique and to evaluate if operation is superior to non-surgical treatment.
To be able to recommend surgery and what kind of procedure in specific cases, larger studies with a randomized prospective study design (RCTs), equivalent studies or comparative studies are needed. RCTs in this area are difficult to perform, in terms of the rather few patients operated on by TFCC repair and the calculated long time needed to perform such study. Different techniques and modifications of TFCC surgery are still frequently introduced and described. Up to this date, the patient's needs and the surgeon's specific skills seem to have had a great impact on choosing type of surgical treatment for TFCC with-and without concomitant DRUJ instability. The choice of surgical technique still seems to be based on the discretion and preferences of the individual surgeon and the choice of open or arthroscopic TFCC repair is surgeon dependent.
Reoperation-and complication rate in TFCC surgery could be regarded as rather high, especially compared with the results in the most common orthopaedic ligament reconstruction area -ACL reconstruction (Andernord et al. 2015) .
Some questions could be asked. How strong are in fact our treatment recommendations for patients with TFCC injuries and DRUJ instability? Only four studies (Anderson et al. 2008; Luchetti et al. 2014; Chou and Lee 2001; Nakamura et al. 2011) of comparison between open and arthroscopic TFCC repair were identified in the search strategies among all publications between 1985 and 2016. Two of them (Chou and Lee 2001; Nakamura et al. 2011) were excluded due to insufficient data and were classified as LoE V. There is an immense lack of comparison studies in the area and the evidence of recommending either open or arthroscopic surgery is still lacking.
Which outcome measures should be included in future studies?
Performing studies of TFCC injury with DRUJ instability and not evaluating the instability and reinstability rate pre-and postoperatively is suboptimal. Performing studies without reporting rates of complications and satisfaction is non-informative for future operative guidelines.
There are several important limitations to this systematic review. Only an electronic search was performed. However, the three most important biomedical databases (PubMed, Embase, and the Cochrane Library) were used. Statistical analysis of the data for the purpose of a metaanalysis was not possible due to heterogeneity among the included studies and because of the few studies included. There were no studies with true blinding of the authors. The power of this study is affected due to included articles displaying high risk of bias and heterogeneity regarding participants, diagnostic methods, and study design.
Important strengths were the extensive literature search in three of the largest medical databases, the broad search strategies and the application of strict inclusion and exclusion criteria. Moreover, the PRISMA statement guided the extraction and reporting of data. 
Conclusions
